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Different from the usual tetraquark assignment to charged Zc(3885) and Zc(4025) charmoniumlike structures,
in this letter we propose a universal non-resonant explanation to decode these Zc’s, which is based on a special
dynamical behavior of e+e− → D(∗)D¯∗pi. Our study shows that Zc(3885) and Zc(4025) are only the reflection
from the P-wave charmed meson D1(2420) involved in e+e− → D(∗)D¯∗pi. Obviously, the present work provides
a unique perspective, which can be examined by future experiments like BESIII and BelleII.
Introduction.–Exploring exotic hadrons is a hot issue in
hadron physics. Especially with more and more observations
of charmoniumlike XYZ states, theorists have carried out ex-
tensive study since 2003, which really deepens on our under-
standing of how these novel phenomena happen (see review
articles [1–3] for learning the relevant progress). Of course,
our knowledge of non-perturbative quantum chromodynam-
ics (QCD) becomes more abundant.
Among these investigations, it is a key point how to iden-
tify exotic hadrons as definite quark states from the observed
charmoniumlike XYZ states, which is not an easy task. Before
establishing the existence of exotic states, we need to exhaust
the possibilities of explaining them in the conventional frame-
work. Here, we need to check whether the observed charmo-
niumlike XYZ states can be categorized into a conventional
hadron family. A typical example is X(3915) and Z(3930)
produced from the photon-photon fusion process [4, 5], which
can be assigned to charmonia χc0(2P) and χc2(2P) [6], respec-
tively. In experimental analysis, experiment usually claims the
observation of some state if a resonance structure exists in the
corresponding invariant mass spectrum. After the observation
of two charomiumlike structures Y(4260) and Y(4360), the
Lanzhou group indicated that the line shapes of Y(4260) and
Y(4360) can be reproduced by the interference effect of two
charmonia, ψ(4160) and ψ(4415), and the continuum contri-
bution [7], by which the puzzling phenomenon of the missing
of Y(4260) and Y(4360) in the open-charm decay channels
and the R value measurement can be understood. This study
reflects that ”what you see is not what you get”.
Along this line, in this work we propose a universal non-
resonant explanation to charged charmoniumlike structures
Zc(3885) and Zc(4025). Here, the charged Zc(3885) and
Zc(4025) were reported by the BESIII Collaboration when
analyzing the three-body open-charm decay channels from
e+e− annihilation, e+e− → pi±(DD¯∗)∓ [8] and e+e− →
pi±(D∗D¯∗)∓ [9], respectively. Additionally, the neutral part-
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ners of Zc(3885) and Zc(4025) were also found in the e+e− →
pi0(DD¯∗)0 [10] and e+e− → pi0(D∗D¯∗)0 [11] processes. Since
Zc(3885) and Zc(4025) are charged states, it is easy to conju-
gate that Zc(3885) and Zc(4025) should contain at least four
quarks, which can be good candidates of exotic tetraquark
states [12–24], which has become a popular and dominant
opinion since 2014.
Totally different from this tetraquark state assignment to
Zc(3885) and Zc(4025), in this work, we indicate that Zc(3885)
and Zc(4025) are only the reflection of the P-wave charmed
meson D1(2420) involved in e+e− → D(∗)D¯∗pi, which is due
to a special dynamical behavior of three-body process from
e+e− annihilation. The details will be illustrated in the fol-
lowing sections. By this realistic and novel example, we want
to show that what you see is not always what you get. It is
obvious that the present work provides a unique perspective
to decode charged charmoniumlike structures Zc(3885) and
Zc(4025), which should be emphasized before definitely iden-
tifying them as exotic states.
A general analysis of e+e− → D(∗)D¯1(2420) → D(∗)D¯∗pi.–In
the electron and positron annihilation process, the two-body
open charm channels D(∗)D¯∗∗ due to a direct coupling with
vector charmonium or charmoniumlike states usually play
an important role in producing three-body open charm final
states D(∗)D¯(∗)M, where D¯∗∗ and M stand for a higher excited
charmed meson and a light meson, respectively. Hence, this
production mechanism is also expected to exist in the process
e+e− → (DD¯∗)±pi∓ and e+e− → (D∗D¯∗)±pi∓, where the inter-
mediate resonance D¯∗∗ can be directly expressed by a Breit-
Wigner distribution in the invariant mass spectrum of D¯(∗)pi.
However, the dynamical and kinematical behaviors owing to
some special higher excited charmed mesons may cause a cor-
responding line shape of a reflective peak on a differential
cross section vs. the invariant mass of D(∗)D¯(∗), which can
provide a new perspective to revisit the nature of two charmo-
niumlike states Zc(3885) and Zc(4025) in the invariant mass
distribution of D(∗)D¯(∗).
In the charmed meson family, D1(2420) with JP = 1+
is a relatively narrow resonance, whose main reason is that
D1(2420) can only decay into a dominant final state D∗pi via
a D-wave due to the limit of heavy quark symmetry. We have
noticed that the averaged resonance widths of D1(2420) listed
in Particle Data Group (PDG) are 25±6 MeV for charged state
and 31.7±2.5 MeV for neutral state [25], which are very close
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2to experimental widths of 24.8±3.3±11.0 MeV of Zc(3885)±
[8] and 24.8 ± 5.6 ± 7.7 MeV of Zc(4025)± [9]. In addition,
the processes e+e− → (DD¯∗)±pi∓ and e+e− → (D∗D¯∗)±pi∓
are measured at center of mass energy of 4.26 GeV by BE-
SIII [8, 9], which is below the thresholds of both channels
DD¯1(2420) and D∗D¯1(2420). Since the measuring energy,
4.26 GeV, is close to the threshold of D(∗)D¯∗, we can ex-
pect to see a reflection phenomenon of D1(2420) with peaks.
The above properties indicate that the P-wave charmed meson
D1(2420) is an excellent candidate for providing a possible
universal non-resonant explanation to Zc(3885) and Zc(4025).
Therefore, in the following, we will perform a general analy-
sis for the process e+e− → D(∗)D¯1(2420)→ D(∗)D¯∗pi based on
the framework of an effective Lagrangian approach.
The schematic diagrams of the processes, e+(k2)e−(k1) →
Y(4220)(p1) → D+(p4)D¯1(2420)− → D+(p4)D¯∗0(p3)pi−(p2)
and e+(k2)e−(k1) → Y(4220)(p1) → D∗+(p4)D¯1(2420)− →
D∗+(p4)D¯∗0(p3)pi−(p2), are shown in Fig. 1(a) and Fig. 1(b),
respectively, where pi’s in brackets represent the correspond-
ing four-momentum of particles in the rest frame of e+e−
system. Additionally, the background diagrams of e+e− →
Y(4220) → D+D¯∗0pi− and e+e− → Y(4220) → D∗+D¯∗0pi− are
also considered. Here, there exists an observed charmonium-
like structure Y(4220) near 4.26 GeV, which directly couples
with a virtual photon from the electron and positron annihi-
lation. In 2018, the BESIII collaboration released the mea-
surements of a total cross section of e+e− → D0D∗−pi+ and
showed a clear enhancement near 4.23 GeV [26], whose res-
onance parameters are consistent with those of Y(4220) ob-
served in hidden-charm final states J/ψpi+pi− [27]. The BE-
SIII measurements suggested that this structure Y(4220) has
a strong coupling with D1(2420)0D0 channel via an S -wave
[26]. Thus, we need to include the coupling of the resonance
Y(4220) with a virtual photon in the process e+e− → D(∗)D¯∗pi,
which should be dominant at an experimental energy point of
4.26 GeV.
All the related Lagrangian densities for calculating the re-
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FIG. 1: The schematic diagrams of two main production contribu-
tions in the three-body open charm processes e+e− → D(∗)+D¯∗0pi−,
which include e+e− → Y(4220) → D(∗)+D¯∗0pi− on the left and
e+e− → Y(4220) → D(∗)+D¯1(2420)− → D(∗)+D¯∗0pi− on the right.
action processes in Fig. 1 are listed below [28–32] and
LγY =
−em2Y
fY
YµAµ, (1)
LYDD∗pi = gYDD∗piYµ(D†τ · piD∗µ + D∗µ†τ · piD), (2)
LYD∗D∗pi = −igYD∗D∗piεµναβ(YµD∗†ν ∂ατ · piD∗β
+∂µYνD∗†α τ · piD∗β), (3)
LD1DY = gD1DY (D†1µD + D†D1µ)Yµ, (4)
LD1D∗Y = igD1D∗Yεµναβ(D†1µD∗ν − D∗†ν D1µ)∂αYβ, (5)
LD1D∗pi = gD1D∗pi(3Dµ†1 (∂µ∂ντ · pi)D∗ν − Dµ†1 (∂ν∂ντ · pi)D∗µ
+3D∗ν†(∂µ∂ντ · pi)Dµ1 − D∗µ†(∂ν∂ντ · pi)Dµ1), (6)
where Aµ, Y , Dµ1, pi are photon, charmoniumlike state
Y(4220), charmed meson D1(2420), and pion fields, respec-
tively, and gYDD∗pi, gYD∗D∗pi, gD1DY , gD1D∗Y , and gD1D∗pi are the
coupling constants, and τ represents the Pauli matrix. Though
some of coupling constants in the above Lagrangian densities
are unknown, they do not affect our predictions for the line
shapes of differential cross sections. Based on the above in-
teraction vertices, the general amplitudes of four processes in
Fig. 1 can be written as
MNonpeak(a) = Ae
+e−→Y(4220)
ρ gYDD∗pi
ρ∗
D∗ , (7)
MD1(2420)(a) = Ae
+e−→Y(4220)
ρ gD1DYgD1D∗pi
λ∗
D∗
× g˜
ρ
α(3pα2 p2λ − gαλ pτ2p2τ)
(p1 − p4)2 − m2D1 + imD1ΓD1
, (8)
MNonpeak(b) = Ae
+e−→Y(4220)
ρ (−igYD∗D∗pi)εωλαβδ∗D∗
×(ip2αgδλgρω − ip1ωgδαgρλ)∗D∗β, (9)
MD1(2420)(b) = Ae
+e−→Y(4220)
ρ igD1D∗YgD1D∗piε
ωαβρ∗D∗α
×(−ip1β)
g˜ωθ(3pθ2p2λ − gθλpτ2p2τ)λ∗D∗
(p1 − p4)2 − m2D1 + imD1ΓD1
(10)
with
Ae+e−→Y(4220)ρ = v¯(k2)eγµu(k1)
−gµνem2Y
s fY
−gνρ + p1νp1ρ/m2Y
s − m2Y + imYΓY
,
where g˜ρα = −gρα + (pρ1 − pρ4)(p1α − p4α)/m2D1 . Then, the differ-
ential cross section of e+e− → D(∗)D¯∗pi can be expressed by
the independent variables of three-body phase space, i.e.,
dσ =
1
(2pi)5
|p2| |p3∗|
∣∣∣MTotal∣∣∣2
32(k1 · k2)√s
dmD(∗)D¯∗dΩ2dΩ
∗
3 (11)
with
MTotal =MNonpeak + eiφMD1(2420),
where the overline above the total scattering amplitude stands
for the average over the spin of electron and positron and the
sum over the spin of final states, and the p3∗ and Ω∗3 are the
3three-momentum and solid angle of D¯∗0 meson in the center
of mass frame of the D(∗)D¯∗ system.
With the above preparations, we can focus on the line
shapes of the invariant mass spectra of mD+D¯∗0 and mD∗+D¯∗0
for the processes e+e− → D+D¯∗0pi− and e+e− → D∗+D¯∗0pi−,
respectively, which are directly related to two observed char-
moniumlike structures Zc(3885)± and Zc(4025)±, respectively.
In Fig. 2, we depict the predicted line shapes of the reflection
contribution from the intermediate charmed meson D1(2420)−
with green dashed line, where averaged resonance parameters
of D1(2420)− in PDG [25] are taken as input. It can be seen
that the reflection from D1(2420) indeed shows peak struc-
tures near the threshold both of D+D¯∗0 and D∗+D¯∗0, which
look very much like Zc(3885)± and Zc(4025)±, respectively.
In addition, the peak shape in the invariant mass spectrum of
mD+D¯∗0 behaves narrower than that of mD∗+D¯∗0 , which is also
consistent with experimental data. The reason for this is kine-
matical properties of the reaction process, i.e., the threshold
of the channel D∗D1(2420) is far away from the experimen-
tal center of mass energy of 4.26 GeV more than DD1(2420).
In the following, in order to further understand the nature of
Zc(3885) and Zc(4025), we will perform a simple fit to the
experimental data by adding the nonpeaking contributions.
Here, it is worth emphasizing that besides D(∗)D1(2420)
the S -wave coupling between Y(4220) and other two-body
open charm channels involving a broader charmed meson,
such as D1(2430), may also contribute to the process e+e− →
D(∗)+D¯∗0pi−. However, we have found that they can play a very
similar role to the direct contribution of the background. So,
for the purpose of reducing the fitting parameters, we refer to
the treatment of experimental analysis, i.e., introduction of a
factor (mD(∗)+D¯∗0 − (mD(∗)+ + mD¯∗0 ))a((
√
s − mpi− ) − mD(∗)+D¯∗0 )b
[8] into nonpeaking amplitudes of Eqs. (7) and (9) to absorb
their contributions. In Fig. 2, the theoretical fits to experi-
mental data for the invariant mass distributions of D+D¯∗0 of
e+e− → D+D¯∗0pi− [8] and of D∗+D¯∗0 of e+e− → D∗+D¯∗0pi−
[9] are given, and the fitting parameters and corresponding
χ2 values are listed in Table I. Without introducing any ex-
otic tetraquark candidates, we can see that both Zc(3885)
and Zc(4025) structures can be reproduced well by including
only the reflection of D1(2420) and normal nonpeaking back-
ground. Thus, our theoretical analysis indicates that two char-
moniumlike structures Zc(3885) and Zc(4025) should have the
same origin, i.e., the reflection of the P-wave charmed meson
D1(2420). In addition to the perfect reproduction of experi-
mental data by line shapes, we also notice the peak position
of the reflection line shape of D1(2420) in the distribution of
invariant mass of D+D¯∗0 is weakly dependent on the input of
its resonance parameters. The peak position is almost exactly
equal to 3.890 GeV. This will provide a very natural explana-
tion for the problem of mass inconsistency between Zc(3885)±
and Zc(3900)± observed in hidden-charm final states J/ψpi+
[33], which implies the above two Zc states with close mass
may be generated from different production mechanisms.
In fact, the identification of nature of Zc(3885)± can also
be achieved by an ingenious method, i.e., the measurement
of an angular distribution of a D meson in the center of mass
frame of the DD¯∗ final state system. Here, an asymmetric
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FIG. 2: The fit to the experimental data of e+e− → D+D¯∗0pi− and
e+e− → D∗+D¯∗0pi− by line shapes on the spectrum of mD+ D¯∗0 [8]
and recoil mass spectrum of pi− [9], respectively, where two struc-
tures near the threshold of D+D¯∗0 and D∗+D¯∗0 correspond to the re-
ported Zc(3885)+ and Zc(4025)+, respectively. Here, only the reflec-
tion from charmed meson D1(2420) and normal nonpeaking contri-
butions are included.
parameter P reflecting the degree of asymmetry in the angular
distribution can be defined as
P = σ|cos θpiD |>0.5 − σ|cos θpiD |<0.5
σ|cos θpiD |>0.5 + σ|cos θpiD |<0.5
, (12)
whereσ|cos θpiD |>0.5 andσ|cos θpiD |<0.5 are the integrated cross sec-
tions or event numbers of the reaction e+e− → D+D¯∗0pi− in
the angle region of |cos θpiD| greater than 0.5 and smaller than
0.5, respectively, and θpiD is the angle between bachelor pion
and the D meson directions in the rest frame of the DD¯∗ sys-
tem. In general, the mechanism from the direct decay of a
charged tetraquark candidate into DD¯∗ can present a symmet-
ric angular distribution on cos θpiD, which will lead to P = 0.
On the other hand, for the contribution from the reflection of
charmed meson D1(2420), the situation will become quite dif-
ferent. In Ref. [8], the BESIII measurements show an exper-
imental asymmetric parameter Pdata = 0.12 ± 0.06, which is
not close to zero. Thus, this data can just provide a test of our
non-resonant explanation for Zc(3885).
Based on the above fit to experimental data by line shapes,
4TABLE I: The parameters for fitting the experimental line shape on
the invariant mass spectrum of mD(∗)+D¯∗0 of e+e− → D(∗)+D¯∗0pi−.
Fit e+e− → D+D¯∗0pi− e+e− → D∗+D¯∗0pi−∣∣∣∣ gD1D(∗)YgD1D∗pigYD(∗)D∗pi ∣∣∣∣ 0.10 (GeV−2) 0.98 (GeV−2)
φ 5.16 3.08
a 0.92 0.25
b 0.52 0.98
χ2/d.o. f 1.76 0.99
the differential cross sections of e+e− → D+D¯∗0pi− vs. cos θpiD
can be predicted and are shown in Fig. 3, where the indi-
vidual contributions from the reflection of D1(2420) and non-
peaking backgrounds are also plotted. We can see that the
angular distribution of a nonpeaking contribution is symmet-
ric, but there appears a monotonically increasing distribution
for the reflection of D1(2420) for the range of cos θpiD = −1
to cos θpiD = 1, which corresponds to an asymmetric param-
eter PD1(2420) = 0.269. After adding up the distributions of
reflection of D1(2420) and nonpeaking background together
with their interference term, we find that the total asymmetric
parameter can be calculated as
PTotal = 0.128,
which is almost exactly equal to an experimental valuePdata =
0.12 ± 0.06. Therefore, the experimental result of an angu-
lar (θpiD) distribution of e+e− → D+D¯∗0pi− provides a very
strong evidence for our understanding of the charmoniumlike
Zc(3885) structure.
We further predict the differential cross section of e+e− →
D∗+D¯∗0pi− vs. cos θpiD∗ in Fig. 3, where the line shapes of
angular distributions for total contribution and reflection of
D1(2420) are very similar to each other, which can corre-
spond to two asymmetric parameters P′D1(2420) = 0.0334 andP′Total = 0.0189 similar to the definition of P in Eq. (12), re-
spectively. These predictions can be verified in future exper-
imental measurements, which are also helpful for clarifying
the nature of the charmoniumlike Zc(4025) structure.
Summary.–In this letter, we have proposed a universal non-
resonant explanation to understand the nature of two charged
charmoniumlike states Zc(3885)± and Zc(4025)±. This novel
non-resonant view is completely different from the interpre-
tation by an exotic tetraquark configuration, which has been
treated as a mainstream opinion in the previous theoretical
discussions [12–24]. With the help of an effective Lagrangian
approach, starting from a specific dynamical reaction e+e− →
D(∗)D¯1(2420) → D(∗)D¯∗pi, where D¯1(2420) is off shell at an
experimental energy of
√
s = 4.26 GeV, we have found that
the intermediate P-wave charmed meson D1(2420) can pro-
duce the line shape of a reflective peak near the threshold
of invariant mass spectra both of mD+D¯∗0 and mD∗+D¯∗0 . Com-
bined with a reflection of D1(2420) and a nonpeaking back-
ground, the experimental signals of Zc(3885)± and Zc(4025)±
can be simultaneously reproduced well without introducing
any exotic hadron candidates. Furthermore, we have pre-
dicted the differential cross sections of e+e− → D(∗)+D¯∗0pi−
vs. cos θpiD(∗) , where θpiD(∗) is an angle between bachelor
pion and the D(∗) meson directions in the rest frame of the
D(∗)D¯∗ system. The theoretical results of an angular distri-
bution of e+e− → D+D¯∗0pi− show an asymmetric parameter
PTotal = 0.128, which is consistent with experimental value of
Pdata = 0.12 ± 0.06. This is another compelling evidence to
support our novel view for the Zc(3885) structure as a reflec-
tion of the P-wave charmed meson D1(2420).
The present studies provide a unique perspective to decode
charged Zc states in the XYZ family, and show again a possi-
ble fact of ”what you see is not what you get” in the search
for genuine hadron structures. On the other hand, this novel
example also reflects the complexity of resonance phenomena
in non-perturbative QCD. Thus, more efforts by theorists and
experimentalists are still needed for understanding these XYZ
states more deeply. Of course, we believe that more precise
experimental data can eventually answer to these problems,
which is worth expecting in the future.
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